This paper applies Johansen's vector error-correction model (VECM) to investigate for the existence of the dividend signalling effect in the Singapore aggregate market through impulse response analysis, forecast error variance decomposition and granger-causality test. Our findings show that a unit shock increase in dividend payout leads to a permanent increase in future earnings over time, thus supporting the existence of informational/signalling content in dividend payout in the Singapore market over the long run. We further find that at least half of the forecast error variance in earnings can be accounted for by innovations in the dividend payout, while the payout ratio is also shown to granger-cause earnings in the Singapore market.
Introduction
The existence of informational content in dividend policy has been a hugely debated topic in the field of corporate finance. The dividend irrelevance theorem expressed in the seminal paper of Miller and Modigliani (1961) showed that in a world of perfect information, full capital mobility, no taxes and no agency costs between managers and outside investors, a company's dividend policy should be irrelevant to its market value. However the existence of real-world market imperfections of asymmetric information means that corporate dividend policy can have an effect on firm value. In particular, the dividend signalling theory was put forward to explain the "dividend puzzle", which represents the conflict between the theoretical framework of Miller and Modigliani (1961) and empirical evidence of the importance of dividend policy to corporations and managers in the real world.
The dividend signalling theory is essentially built upon the relaxation of the assumption of perfect symmetrical information between managers and shareholders, and hypothesised that a change in dividend policy signals a change in firm value if the two critical assumptions of managers having better information about the company than the marketplace, as well as the existence of a cost for bad companies trying to mimick as a good company are satisfied. These cost-structure properties of incorrect signalling may be expressed differently in the various dividend signalling theories, and can range from the tax disadvantage of dividends versus capital gains in the models of Bhattacharya (1979) and John & Williams (1985) to the higher cost of either expensive equity issuance or underinvestment versus paying out cheap internal cash in the model of Miller and Rock (1985) . Kalay (1980) however showed that despite these differences in cost-structure properties, they all require managerial reluctance to cut dividends as a necessary condition for dividends to convey information.
Early empirical investigations into the relationship between dividends and future earnings have yielded ambiguous results. While separate studies by Gonedes (1978) , Healy and Palepu (1988) , Kao and Wu (1994) , and Brooks, Charlton, and Hendershott (1998) have found a positive relationship between dividends and future earnings, the work by Penman (1983), DeAngelo, DeAngelo, and Skinner (1996) and found that dividend increases usually indicate increases in future profitability although dividend decreases are not correlated with future earnings. They also found that dividend changes are positively correlated with the earnings level and changes in the two years following the announcement.
While most empirical studies have focused mainly on analyses performed at the micro/company-level, recent studies have also been extended to investigating the informational content of dividend policy at an aggregate market/macro level and they have generally yielded positive results. Arnott and Asness (2003) employed more than 100 years of data of the aggregate S&P500 index, and found strong evidence that expected future earnings growth is fastest when current payout ratios are high and slowest when payout ratios are low, even when controlled for other factors such as simple mean reversion in earnings. Gwilym, Seaton, Suddason and Thomas (2006) extended the analysis of Arnott and Asness (2003) to 10 other international markets including France, Germany, Greece, Italy, Japan, the Netherlands, Portugal, Spain, Switzerland, and the United Kingdom, and found that despite different institutional, tax and legal environments across the countries, international evidence generally supported the findings of Arnott et al (2003) that substantial reinvestment of retained earnings does not lead to faster future real earnings growth. They also highlighted that investing in countries with higher payout ratios had been observed to result in higher earnings growth than investing in markets with low payout ratios, although they were unable to translate their findings into return predictability in a persuasive fashion.
There are several motivations for this paper:
Firstly, the investigation of the informational content of dividends and its effect on future earnings on the aggregate market level is immensely important and has serious implications on portfolio management and asset allocation. In particular, while most studies have used firm-level time series data to analyse the informational content of the dividends hypothesis, analysis of the aggregate time series is interesting both in itd own right and because it can help us understand whether dividends provide information about future aggregate market earnings. If the information provided by managers about their firms' earnings through their dividend policy is largely idiosyncratic, then dividends will have informational content on the individual firm level but not at the aggregate market level. However if managers' dividend decisions provide information that is related to trends in the macroeconomy, then it will be informative at the aggregate level as well. This informational content will be very useful for the purposes of economic and fiscal policy decisions. They may even be more informative at the aggregate market level if the aggregation filters out the idiosyncratic errors.
Secondly, the studies performed at both the micro and macro levels have generally employed simple Ordinary Least Squares (OLS) regression to test for the existence of a relationship between the variables, and there are two particularly shortcomings with the methodology. Firstly, it ignores the possibility that the time series of the payout ratio and earnings may be non-stationary, which would lead to spurious results. For example, it is well established in various studies including Ball and Watts (1972) and Foster (1978) reluctance to raise dividends in line with earnings increases, while Linter (1956) had explained his observation of the slow move by companies towards a target dividend payout ratio as representing managers' unwillingness to cut dividends paid to investors. This "stickiness" in dividends would imply that current dividends and payout ratio are at least functions of both earnings as well as lagged values of dividends and payout ratios respectively. This means that the relationship between payout and earnings is better investigated within a system of simultaneous equations that are endogenously determined.
Thirdly, most of the empirical studies have focused primarily on the US and major European markets with almost no work being done for Asian markets, especially small financial markets like Singapore. With the rapid growth and increasing importance of Asian financial markets and economies relative to the global landscape over the last few years, better understanding of the behaviour of Asian financial markets will be very important.
The paper therefore aims to add to current literature on dividend signalling by incorporating the consideration of the possible existence of non-stationarity properties of the time series of dividend payout and real earnings through the application of newer, more advanced cointegration and vector error-correction modelling techniques to investigate for the existence of informational content in the dividend payout in the under-researched Asian market of Singapore. This paper applies Johansen's cointegration techniques to the Singapore market to develop a vector error-correction matrix (VECM) between earnings and dividend payout which is then used to derive the impulse response function for tracing the effect of a unit shock in the payout ratio on earnings over time. We also perform both forecast error variance decomposition analysis to investigate the proportion of the forecast error variance in earnings that is accounted for by dividend payout, as well as the Granger-causality test to establish the extent to which the lag process in dividend payout explains future earnings. Our findings show that:
• An unanticipated increase in the dividend payout, represented by a one standard deviation increase in dividend payout in the impulse response function, leads to a permanent increase in future earnings of the Singapore market over time. This supports the dividend signalling theory that dividend payout possesses informational content about future earnings, and that the two variables are positively correlated.
• The magnitude of the informational content of dividend payout on real future earnings is significant, as represented in the forecast error variance decomposition analysis where we find that at least half of the forecast error variance in earnings can be accounted for by innovations in the dividend payout.
• Lagged values of the dividend payout ratio have statistically significant information about future real earnings, as evidenced by the rejection of the null hypothesis of no grangercausality between payout ratio and real earnings in the Singapore market.
The paper is structured as follows: Section 2 gives an overview of the econometric test procedure employed, and more importantly, provides the rationale for the choice of certain methods or specifications.
Section 3 gives a description of the data used. This is followed by the empirical results and their interpretations in Section 4 while Section 5 provides the conclusions of the paper. This paper primarily uses the JMulti package by Helmut Lutkepohl and Markus Kratzig, and the EasyReg package by Herman Bierens for its econometric analysis. All critical values are provided by the two econometric software packages.
Econometric Methodology
We define the two variables of earnings as EPS t , and dividend payout ratio as, POUT t . The following econometric procedure is then pursued: First, we test for non-stationarity and the order of integration for both POUT t and EPS t . Typically, an Augmented Dickey-Fuller (ADF) procedure is used for unit root testing as the approach permits sufficient dynamics (in the form of lagged differences) to approximate the ARIMA process It has been argued that while both ADF and PP tests have a number of advantages including their simplicity, they are vulnerable to size distortions while suffering a further drawback of not being asymptotically similar. The power of the tests is also low if the process is stationary but with a root close to the non-stationary boundary. We have therefore employed two other unit root tests to supplement the ADF and PP tests. They are the Schmidt-Phillips (SP) test which uses detrending procedures that are optimal under the null hypothesis of a unit root, as well as the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test which uses a null hypothesis of stationarity. The number of truncation lags (l) to be to evaluate the serial correlation for the Newey-West correction for PP, SP and KPSS test is computed by l = q(T/100)^0.25 where q = 4 or 12.
For all four unit root tests, if non-stationarity is not rejected, the variable is differenced once and the unit root tests are performed again. This is repeated until stationarity is achieved. The number of differences taken before the series becomes stationary is then the order of integration ie I(d).
If the two time series are found to be integrated of the same order, we then proceed to test for the existence of cointegration vectors among them by performing the Johansen trace test 2 If we find the existence of one cointegrating relation between the two variables of POUT t and EPS t , we can then proceed to derive the vector error-correction matrix (VECM) of forms:
where the matrix Г represents the short run dynamics of the relationship between POUT t and EPS t , and the matrix Π captures the long run information in the data. does not fully illustrate the dynamic interactions between the variables in the system. We will therefore proceed to employ impulse response analysis to trace the effect of innovations in one variable on the other variable over time. We are particularly interested in examining the impulse response function of earnings to a unit shock in payout. A forecast error variance decomposition analysis is finally performed to determine the proportion of the forecast error variance that is accounted for by innovations in the endogenous variables.
Data Sample
This study looks at the Singapore market. As pointed out by Arnott et al (2003) , the issue to note with these indices is the variation of their compositions over time. Because poorer-performing stocks tend to be replaced by better-performing stocks in the index, while rebalancing also occurs for new listings, therefore the divisor of the index will increase over time. This reduces the EPS of the index, thus causing the EPS to lag the GDP growth of the economy. Figures 1 and 2 show the time series plots of the payout ratio (POUT) and real earnings (EPS) of the Singapore Straits Time Index respectively versus the 5-year moving average over time. It can be seen from the 5-year moving averages that both time series appear to display certain time trending properties, thus hinting at the need for the inclusion of time trends in both the unit root tests as well as the cointegration tests. Table 1 shows the results of the various unit root tests. All the variables are tested in levels and firstdifference terms for non-stationarity using unit root tests with (1) a constant term, and (2) a constant term with time trend. It can be seen that the unit root tests for non-stationarity (i.e. the ADF, PP and SP tests) generally fail to reject the null hypotheses of non-stationarity at 10% significance levels for both POUT and EPS in level terms, while rejecting the null hypotheses at 1% significance levels for both variables in first-differenced terms. It is worth noting that when estimating the models with constant and time trend for use in the ADF tests, the coefficients of the time trend for both POUT and EPS are fairly significant with t-statistics of -2.1132 and 2.7124 respectively. This, combined with our earlier time series plots showing the existence of time trends in POUT and EPS, points at evidence of time trending properties in both variables. As such the conclusions from the unit root tests with constant and time trends will be more appropriate than the unit root tests and intercept only. It also means that the cointegration analysis and VECM model should incorporate a time trend.
Empirical Results
For the unit root test for trend stationarity i.e. KPSS(c+t), the null hypotheses of trend stationarity are rejected at 1% significance levels for both POUT and EPS in level terms but not in first-differenced terms, thus corroborating the findings of the unit root tests for non-trend stationarity that POUT and EPS are non-trend stationary in levels terms and are integrated of order one. The unit root test for stationarity i.e. KPSS(c) is less conclusive. For POUT, the null hypothesis of stationarity in level terms is rejected at 5% significance level for 5 truncation levels but not rejected for 14 truncation lags. The null hypothesis for the first differenced terms is not rejected at both lag lengths. For EPS, the null hypothesis of stationarity in level terms is rejected at 1% and 5% significance levels respectively for truncation lags of 5 and 14 respectively. The null hypothesis for the first differenced terms is similarly rejected at 5% significance levels at both lag lengths.
The unit root tests results therefore show strong evidence that the payout ratio (POUT) and real earnings (EPS) of the Singapore Straits Times Index are non-trend stationary and are integrated of order one.
The unit root tests results generally also reject the hypothesis of level stationarity with integration of order one for both POUT and EPS. Given the significant t-statistics of the coefficients of the time trend in the ADF models as well as our graphical analysis, it is clear that both time series have time trending properties, thus rendering the results of the unit root tests for level stationarity less meaningful.
After confirming that both processes are I(1), we then proceed to perform cointegration tests. Before performing Johansen's trace test and the Saikkonen-Lütkepohl cointegration test, we must first determine the lag lengths to be used based on the four information criteria: Akaike Information Criterion, Hannan-Quinn Criterion, Schwarz Criterion and Final Prediction Error. A maximum lag length of 84 lags is tested and an optimal lag length of 61 lags is universally recommended by the four information criteria. Table 2 shows the results of the Johansen and Saikkonen-Lütkepohl cointegration tests for a model with intercept and time trend. The use of a model including time trend is supported by our analysis before.
Both cointegration tests reject the null hypothesis of no cointegrating relation at 1% significance level while accepting the null hypothesis of one cointegrating relation at 5% significance level.
Having established that cointegration exists between the variables of POUT and EPS, we proceed to estimate a vector error correction model for analysis. While interpretation of the individual coefficients is not within the scope of this paper, the derived VECM is nevertheless shown in Table 3 for interested readers. The VECM is then used to perform particular analyses for investigating the informational effect of dividend payout on future earnings.
We first perform the Granger-causality test to check for the existence of granger-causal relations between the payout ratio and real earnings of the Singapore market. In particular, we have focused on the test of the null hypothesis that POUT does not granger-cause EPS. The results of the test are shown in Table 4 . The null hypothesis is strongly rejected, which means the POUT granger-causes EPS i.e. lagged values of POUT provide statically significant information about the future values of EPS. This indicates the existence of an informational/signalling effect in current dividend policy on future earnings.
An impulse response function (IRF) tracing the response of EPS to a one standard deviation innovation
in POUT is also derived. Figure 3 shows the impulse response function with the upper and lower limits of the 95% confidence interval. It can be seen that an unanticipated increase in dividend payout leads to a permanent increase in real earnings over time, with the accumulated effect peaking at 46 months. This confirms our earlier finding that changes in dividend policy provide information/signals about future real earnings. The impulse response function also shows that increases in the dividend payout leads to increases in future earnings. These findings are consistent with the dividend signalling theory. We also decompose the forecast error variance (FEV) of the EPS variable to distinguish the proportion of the forecast error variance that is accounted for by unanticipated changes in EPS versus unanticipated changes in POUT. Figure 4 shows the FEV decomposition. It can be seen that innovations in POUT can account for slightly more than half of the forecast error variance of EPS, peaking at 52% 22 months after the innovation.
Our analyses have therefore established that changes in dividend policy provide statistically significant information about future earnings, with unanticipated increases in dividend payout leading to positive and permanent increases in future real earnings. The magnitude of the informational effect is also significant, with the structural errors of dividend payout explaining at least half of the forecast error variance of real earnings.
These results support the dividend signalling theory or the information content of dividends hypothesis.
Conclusion
This paper applies Johansen's vector error-correction model (VECM) to investigate for the existence of the dividend signalling effect in the Singapore aggregate market through impulse response analysis, forecast error variance decomposition and granger-causality test. Our findings show that:
• The magnitude of the informational content of dividend payout on real future earnings is significant, as shown in our forecast error variance decomposition analysis where we find that at least half of the forecast error variance in earnings can be accounted for by innovations in the dividend payout.
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